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Liposomal Cosmeceuticals as Skin Protectives and Curatives
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ABSTRACT

Lifestyles and environmental changes draw people away from healthy and natural-looking skin.
To hide the impaired and damaged skin texture as a result of several factors, people mostly prefer
decorative cosmetics to get an immediate but temporary result. To overcome this problem,
cosmeceuticals are emerged containing skin-protective and curative agents in a cosmetic
base. The market is full of skincare products and many of them have proven unsatisfactory
to the consumer. Liposome, a novel lipoidal carrier, overcome the limitations of conventional
therapies. Liposomes are proven to deliver a wide variety of drug cargo to the targeted skin layer
with negligible drug loss. This delivery platform got wide acceptability among users due to its
remarkable efficacy and safety. Many more evolutions occurred in conventional liposomes over
time and it is still an area of interest for researchers. To date, it has given outstanding performance
in the broad areas of skincare and has grabbed the global skincare market in a short span of time.
As this approach is evolving rapidly, developed countries have set their own separate protocols
regarding nano-materials used in cosmetics. The present review focuses on newer liposomal
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INTRODUCTION

Skin is a primary shielding organ of our body that protects us
from outside stimuli. It boosts self-confidence in a man or woman
by adding a valuable contribution to the persona of a human
being.! As it is the primary organ that is exposed to the external
environment, it is more prone to several skin complications.
Causative factors like lifestyle changes, food habits, external
stressors and internal stressors affect the natural integrity of the
skin and aggravate skin complications such as uneven skin, oily
skin, dry skin, hyperpigmentation, slack skin, ageing, cellulite,
further, sensitive skin is associated with sunburn and acne.
Initially, there had been only a few evolutions in the skin care
industry. In the early 1970, the borderline among cosmetics and
dermatological merchandise started vanishing and cosmetics
transformed into medicines. Industries started producing healing
merchandise called over the counter drugs or cosmeceuticals.>?
Skin care is not only confined to the productive population but
also the geriatric populace, who require additional skin care as
they are afflicted by skin illnesses due to altered physiology of
the skin.! The currently available invasive as well as non-invasive
skin care therapies, have pros and cons. Invasive therapies
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impact the cell, extracellular matrix and modify the function and
architecture of treated tissue. Non-invasive chemical treatments
like conventional cream, gels, lotion, ointment, drug solution are
associated with limitations such as inter-intrasubject variability,
due to the enzyme present in the skin, skin irritation and skin
sensitization.>

Liposomes as vesicular systems are considered to be suitable for
drug delivery via the skin as they can overcome drawbacks like
local irritation, itching, erythema, low permeability of medicine
in the horny layer. Another rising area that contributes to skin
fitness is nutricosmetics, a combination of health and beauty
products that mainly contain herbs and liposomal carrier to
maintain natural integrity and garnish skin. Skin care cosmetics
are distinguished as protective and curative.” The present review
article reviews skin-protective and curative liposomes along with
active molecules contributing to skin health, market for skin care
liposomes, and regulatory aspects.

LIPOSOMES AS A CARRIER VESICLE

British haematologist Alec D. Bangham introduced liposome as
an artificial, amphiphilic, and microscopic carrier with a unique
framework. The first liposomal product in the cosmetic industry
was Capture TM, an anti-ageing gel for the face by Christian Dior
in 1987. Nano-to micron-sized spherical liposomes serve as an
inert carrier capable of housing hydrophilic as well as hydrophobic
entities. It is biocompatible and it anchors and fuses with the cell
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membrane to deliver the content of the vesicular system for a
prolonged period of time.** The delivery of liposomes through
skin relies on the ability of liposomes to permeate to the depth of
the skin. Figure 1 represents the mechanisms of transportation of
liposomes through the skin.

LIPOSOMES IN SKINCARE COSMECEUTICALS

Traditional liposomes are known to remain intact in the epidermis
of the skin with disrupted stratum corneum in eczema but cannot
penetrate the skin with hyperkeratosis in psoriasis. Traditional
liposome does not penetrate beyond the stratum corneum of
healthy skin.'® Alteration in the morphology of the conventional
liposomes results in modern vesicles that are depicted in Figure
2, which are proved to be more fruitful than the conventional
one. Ethosomes are liposomes containing ethanol at a 20-45%
concentration that gain entry into the skin by reversibly disturbing
the intercellular lipid and transferring the active molecules to the
site of action. Liposomes transformed into transferosomes by
incorporation of edge activators into the lipid bilayer membrane
aid in passage through the skin barrier. They are metastable and
have an ultra-flexible membrane. It makes the system reach the
deeper skin layers. The high hydrophilicity and flexibility of the
transferosome prevent aggregation of vesicles. Transethosome
consists of 30% ethanol and an edge activator. It is a hybrid of the
transferosome and the ethosome. Hence, its mechanism of action

is a fusion of both systems.'"!?

Leciplex and catezome possess a cationic surface charge. Catezome
is a carrier that conveys active ingredients superficially, as in the
case of sunscreen, fragrances and proteins, which could lead
to irritation and impaired sensation if they approach the lower
layer of skin. They have better stability at room temperature for
18 months.” In contrast to this, leciplex could access the deeper
layer of the skin due to electrostatic attraction to the negatively
charged skin surface."

Niosomes are comprised of non-ionic surfactants and are
preferred vesicles in skin care formulations because of their
non-toxic nature and great stability.’

Pharmacosomes are neutral molecules possessing both cationic
and anionic charges, water-loving and lipid-loving properties.
They contain an agreeable ratio of polyphenol to phospholipids.
Poorly soluble drugs are dispersed in the pharmacosome system
by sharing electron pairs, electrostatic forces of attraction, or by
forming hydrogen bonds with lipids."

Cyclodextrin-based liposomes possess a hydrophobic cavity
and a hydrophilic surface that form inclusion complexes with
many poorly soluble hydrophobic drugs, thus enhancing
their skin targeting and bioavailability. Liposomes protect the
cyclodextrin-drug inclusion complex until the drug is released,
thus decreasing skin irritation.'¢

Nanotopes are smaller particles that exist in the range of 20-40
nanometers. It possesses better stability over liposomes. It is
composed of a suitable ratio of conventional phospholipids
such as lecithin and co-surfactants. It enables the formation of
an uninterrupted layer from the lipidic centre to the exterior
aqueous phase by the interposition of co-surfactants into the
lecithin molecules. In contrast to liposomes, nanotopes contain
a dominant ratio of membrane phospholipids to the entrapped
drug. This system is mainly used to accommodate cosmetically
active agents such as Vitamin-A, tocopherol and requires less
distortion energy during penetration into the skin."”

APPLICATIONS OF LIPOSOMES IN SKIN CARE

The application of liposomes in skin care is a wast area. The focus
of the present article is on the curative skin care products which
include antiacne, skin whitening and protective categories which
include skin moisturiser and sunscreen. Figure 3 summarises role
of liposomes along with mechanism of action in protective and
curative therapy.

Liposomes in Acne Therapy

Acne affects 85% of the global populace and is most widespread
in teenagers and younger. The causative elements of acne are
an overactive pilosebaceous unit, hyperkeratinisation of the
horny layer of the skin, colonisation and multiplication of
Propionibacterium acnes (Pacnes) in an anaerobic atmosphere
built by the clogged pores.'

The acne therapies include use of sebum suppressive agents,
keratolytic, The
prolonged use of antibiotics such as broad-spectrum tetracycline,

antibacterial and hormonal treatments.
minocycline and narrow-spectrum erythromycin develops
resistance against acne causing pathogens. The concurrent use
of broad-spectrum antibacterial agents that are equally active
against sensitive and resistant strains of pathogens is essential
to safeguard the efficacy of antibiotics.”” In the antibacterial

evaluation of Dipalmitoylphosphatidylcholine (DPPC) based

liposomes encapsulated with tetracycline and tretinoin
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Figure 1: Mechanisms of transportation of liposomes through the
skin.
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Figure 2: Modified forms of liposomes.

against Staphylococcus aureus ATCC29213 and Staphylococcus
epidermidis ATCC 35984 strains, the Minimum Inhibitory
Concentration (MIC) value was observed to be 0.016 mcg/ml for
both the bacteria. However, the MIC values for a plain solution
of a drug combination were observed to be 0.063 mcg/mL for S.
aureus and 0.125 mcg/mL for S. epidermidis. This indicated that
the liposome formulation was effective at a lower concentration
than the plain solution of the drug combination.”

The anti-comedogenic efficacy testing of 1% clindamycin
liposomes and 1% plain clindamycin solution revealed that 33.3%
of patients on liposome treatment got rid of blackheads (open
comedones) safely, whereas with plain clindamycin solution,
only 8.33% of patients showed effect. The liposomal clindamycin
was also efficacious for closed comedones, pustule, and papules.
Another clinical study conducted using the conventional solution,
a non-liposomal lotion and liposomal lotion of the same drug
showed a 42.9%, 48.3%, and 62.8% decrease in the acne lesion
respectively. The study showed higher efficacy of the liposomal
formulation.?*

36

The MIC and Minimum Bactericidal Concentration (MBC)
value of azelaic acid ethosomes was found to be 250 mcg/ml for P
acnes. However, the MIC and MBC values for the marketed cream
(Zelface cream) were found to be 250 mcg/ml and 500 mcg/ml
respectively. The azelaic acid ethosomes were proved to be more
efficacious than the marketed cream.” The actives for the control
of acne along with their mechanism, side effects, physicochemical
characteristics and stability problems that indicates the necessity

of encapsulation are described in Table 1.

Liposomes in Skin Whitening Therapy

Approximately 15% of the population spends on skin whitening
with Asia being the most dominated amongst all. The exposure
of skin to the highly energetic UV-B and less energetic UV-A
causes melanin synthesis in the melanocytes. The exorbitant
synthesis of melanin leads to skin complications such as solar
lentigines, melasma, freckle cancer and post-inflammatory

intense pigmentation. The enzyme tyrosinase is a key factor that
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A. Antiacne therapy: Liposomes act by fusing with the cell membrane and delivering active molecules to reduce the
overactivity of the sebaccous gland. It inhibits the growth of acne-causing pathogens.

B. Skin lightening therapy: Transferosome loaded with active molecules conveys the drug cargo to the target site in

intact form.
¢ Treatment targets:

- Inhibition of the tyrosinase enzyme.
- Prohibition of the transfer of melanosomes to keratinocytes

C. Moisturizer: Acts by three mechanisms, such as occlusive, forming a filmm on the skin. ,
Humectants, draw water from the dermis to the epidermis.
Emollients imparts soothing cffect, and thereby reduces complications duce to dry skin.

D. Sunscreen: Acts superficially as a prophylactic treatment for photoaging and hyperpigmentation of the skin.
It acts by attenuating high energy UV rays (organic sunscreen) or by scattering the UV rays (inorganic sunscreen).

Figure 3: The mechanism of action of liposomes A. In acne treatment B. In hyperpigmentation C. As sunscreen D. As a moisturiser.

synthesises melanin, skin-lightening actives reduce melanin in
the skin.*

The N-[(2-hydroxy-3-trimethylammonium) propyl] chitosan
chloride (HTCC) coated liposomes encapsulated with kojic acid
rendered the better fusibility and penetration of liposomes with
the membranes of L929 fibroblast cells and B16-F10 melanoma
cells due to their positively charged surface than uncoated
liposomes. Liposomes coated with HTCC demonstrated a higher
melanin synthesis inhibitory activity in B-16-F10 melanoma cell

lines over the uncoated liposomes.*

Artocarpus Lakoocha (AL) liposomes were evaluated by a
double-blind study on female volunteers using a 2% w/w lotion

of liposomes containing AL and plain AL extract. After 4 weeks,
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the observed lightness values for the liposomes-containing
preparation and plain AL extract were found to be 1.37 and
0.89%, respectively, whereas the observed individual topological
angle (ITA) values for both the preparations were 6.59 and
5.17%, respectively. The liposomes containing AL preparation
were observed to have concentration-dependent skin lightening
efficacy. It worked by 77% inhibition of tyrosinase. However, the
estimated glutathione inhibition was only 50%.*

The flexible liposome containing Niacinamide (NA) known
as Bounsphere™ showed the highest skin permeability and
enhanced skin whitening than the traditional liposomes. The
skin whitening activity of Bounsphere™ was evaluated on human
subjects with melasma. The amount of melanin (M-values) in
the skin after 4 weeks and 8 weeks was remarkably increased
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by 9.96% and 16.80%, respectively, with negligible irritation

potential compared with the M-values before NA treatment.*

The liposomes loaded anthocyanin showed suppression of
tyrosinase, MTFF (Microphthalmia-associated transcription
factor protein expression) and melanogenesis when studied on
Human A 375 melanocytes. The DPPH scavenging activity of
liposome-encapsulated anthocyanin was found to be 64% at a
concentration of 20 mg/ml and 76% at 50 mg/ml. However, for
plain anthocyanin, it was 11% and 24% at concentrations 20 and 50
mg/ml respectively. This reveals the higher antioxidant potential
of liposome-encapsulated anthocyanin. The same formulations
were studied for cellular tyrosinase activity at concentrations of
5, 10, 20 and 50 mg/ml. The liposome-encapsulated anthocyanin
showed concentration-dependent tyrosinase inhibitory activity
of 14%, 27%, 48% and 52%, respectively. This inhibition was
greater over plain anthocyanin, which was observed to be 5%,
12%, 19%, and 30% at the respective concentrations.* Actives
used in the treatment of hyperpigmentation along with their
mechanism, side effects, physicochemical characteristics and

stability problems are described in Table 2.

Liposomes as Moisturizer

The facial skin possesses a higher level of hydration and is
comprised of Natural Moisturizing Factors (NMF). If NMF
is absent in the horny layer of skin, water on its own cannot
maintain the adequate elasticity of the skin. The moisturizers
prevent skin damage, restore skin elasticity and maintain the
barrier function.>*

The phospholipids of liposome vesicles intermingle with
creatinine in the horny layer and strengthen the skin's barrier,
thus minimizing Trans-Epidermal Water Loss (TEWL).”
The liposome vesicles are capable of elevating skin humidity
with the aid of their lipidic additives and thereby preventing
premature ageing.®® In one study, the phosphatidylcholine at
concentrations of 0%, 10%, 28%, and 80% on the human subjects
showed remarkable differences in the moisture elevation. The
formulation with 80% of phosphatidylcholine showed a higher
degree of moisture over others. Since these formulations differ
in terms of phosphatidylcholine concentration, it is confirmed
that the moisturizing effect is due to phosphatidylcholine. The
hydrogenated soybean phosphatidylcholine was also found to

Table 1: Overview of anti-acne actives along with their mechanism of action, characteristics, side effects, and stability issues.

Actives Mechanism Side effects
Clindamycin ~ Bacteriostatic, effective Skin rashes.
against P. acnes. Lipase
production inhibitor,
Leukocyte chemotaxis
inhibitor.
Tretinoin, Suppression of Skin irritation,
isotretinoin hyper cornification, burning.

normalization of enzyme
metalloproteinases, an
inhibitor of (Toll-like
receptor) TLR-2.

Azelaic acid

Lauric acid

Adapalene

38

Protein synthesis inhibitor
in S. epidermidis, change
in the intracellular

pH of P, acnes, Staph.
Epidermidis.

Strong Antimicrobial
activity against P. acnes
than BPO. Bacteriostatic,
Bactericidal.

Microbial collagenase
inhibitor, retinoic acid
receptor agonist, protein
synthesis antagonist.

Keratosis pilaris,
vitiligo, skin
redening.

Nontoxic.

Erythema, scaling,
dryness, burning.
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Physicochemical Stability References
characteristics
Poor aqueous solubility.  Degradation at 24-26
Low logP value pH 4 by amine

hydrolysis,

thioglycoside

hydrolysis.
Poor aqueous solubility. = Photodegradation,  16,25,27
Tretinoin permeates the  affected by oxygen,
human skin faster than  light, acids.
its geometric isomer
isotretinoin.
Poor aqueous solubility.  Photooxidation 28-32
Limited penetration in the presence of
across stratum corneum. nitrate.
Low aqueous solubility. ~ Hydrolytic 33-37
Ester form has a high rancidity, oxidation,
HLB and low logp value. ketonic rancidity,

fungus is a major

cause of spoilage.
Low percutaneous Degradation 38-41
flux through skin. on photolytic
lipophilicity helps irradiation,
penetration into acidic, oxidative
pilosebaceous follicles in  degradation.

acne.
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Table 2: Overview of active skin whiteners along with their mechanism of action, characteristics, side effects, and stability issues.

Actives Mechanism Side effects Physicochemical  Stability References
characteristics
Hydroxyquinone  Competitive inhibitor Dermatitis, Less aqueous Air, light causes 42,47-49
of melanin production irritation, solubility, less O/W  oxidation and
by Covalently linking erythema, Burning, partition value. darkening of
to histone protein, By depigmentation, colour.
Interaction with copper. on long term usage
Acting as a inferior leads to bluish black
substratum for tyrosinase.  discolouration of
Causes permanent harm skin.
to melanosomes and
melanocytes.
Kojic acid It is a copper ion chelator ~ Contact allergy Highly soluble in Sensitive to light 43,48,50,51
and slow acting tyrosinase water, Poor cell and heat instability
inhibitor. penetration. under aerobic
environment.
Alpha-tocopherol  Antioxidant. Safer chemical Poorly soluble Sensitive to 52,53
in water, minor atmospheric
permeability oxygen.
through human
cadaver skin.
Linoleic acid Decrease in tyrosinase level. Mild irritation of Low solubility in Oxidised by air, 54
skin, eyes. aqueous solution.  sensitive to light.

Niacinamide Preventing melanosome Skin irritant.

transport to
keratinocytethence limits
melanin synthesis.

stabilize the skin barrier and penetrate as much as the horny layer
of skin with lowering TEWL.*

A SOPHY liposomal gel (consisting of encapsulated active
ingredients such as L-arginine, Curcuma extract, hyaluronic
acid, lactic acid, and tocopherol) was found to decrease TEWL
and increase skin hydration when examined on healthy human
subjects during a 28-day study. The skin moisture level rose by
6.3% in the first seven days of the study. Whereas skin moisture
levels were raised by 14.1%, 30.3%, and 33.5% after the second,
third, and fourth weeks of gel application, respectively, with
minimal erythemal index. It also renders higher resistance against
bacterial infections by shifting skin pH towards the acidic side.”

There are some pieces of evidence that liposomal lotion and
non-liposomal lotion have similar potential in reducing xerosis.
The effectiveness of plain 12% ammonium lactate lotion and
liposomal moisturizing lotion in the management of xerosis was
studied by a double-blind clinical trial. both the formulations
were applied twice a day for four weeks. They showed insignificant
differences in reducing xerosis. Though both the formulations
have shown similar outcomes, liposomes are always preferred
when there is a desire to deliver molecules with irritation
Some carrier

potential.®° phospholipid-based commercial

Stable to UV, heat, 45
oxygen, acids,
bases.

Does not easily
penetrate through
the skin.

systems are stated in Table 3. which inherently has moisturizing
properties.

Liposomes in Sunscreen

Long-term exposure to high energy UV light leads to photoaging,

sunburn, actinic keratosis, solar lentigines, melanocytic
hyperplasia, immune system suppression, pre-carcinoma and

carcinoma lesions on the skin, mostly on the uncovered skin.*

The sunscreens are not meant for systemic absorption, but
some conventional formulations are reported to be absorbed
systemically after topical application. Encapsulation of such
candidates into the liposomes provides higher SPF and prevents
systemic absorption by retaining them in the horny layer of the
skin. The liposome-encapsulated Octyl p-methoxycinnamate
(OMC) showed 22.64 + 7.55 mcg/cm?* of OMC in the horny layer.
It indicates minimal systemic absorption of OMC. However, the
value observed for the traditional formulation was 14.57 + 2.30

mcg/cm?>5

The protective effect of the liposomal suspension having SPF 50+,
30, 25, 15 was determined using adult skin having Fitzpatrick
skin type II at the approved concentration of 2 mg/cm* When
the skin was subjected to normal water, salt-water and examined
after sweating, it was observed that the SPF 50+ of the liposomal
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Table 3: Commercial liposomal carriers with moisturizing properties.

Lipoidal carrier Composition

Characteristics References
Improves pigment dispersion, minimizes TEWL, 61
enhances skin penetration and bioavailability of

actives, highly tolerable.

Emulsifying properties, minimizes TEWL, 61
improves skin moisture level.

O/W lamelliform emulsifier, highly tolerable 61
and improves skin moisture level, Boosts

effectiveness and bioavailability of actives.

O/W lamelliform emulsifier, minimizes TEWL, 61
highly tolerable, increases bioavailability of

actives.

Moisturizes the skin, Decreases TEWL, increases 61
penetrability and bioavailability of actives.

Improves skin humidity and skin penetration. 59,62

Table 4: Overview of sunscreen molecules along with their mechanism of action, characteristics, side effects, and stability issues.

Lysofix™ Glycerine, Glycine Soja
(Soyabean) Seed extract.

Lecigel™ Sodium Acrylates Copolymer,
Lecithin.

Amisol™ Soft Behenyl Alcohol, Glyceryl
Stearate, Lecithin, Glycine Soja
(Soybean) Sterols.

Biophilic™ S MB Lecithin, C-12 to C-16

alcohols, hexadecanoic acid.

Heliofeel™ Glyceryl Stearate Citrate,

Polyglyceryl-3 Stearate,
Hydrogenated Lecithin.

Natipide® II Phospholipid from soyabean,

ethanol, water.

Actives Mechanism Side effects

Benzophenone Absorption of Slightly irritating.
UVA, UVB.

Para amino benzoic Absorbs UV light  Rarely Eczema,

acid and emits less redness, stinging,
energy. burning.

Avobenzone Blocks UVA-I, Rarely Eczema,
UVA-II, UV-B. redness, stinging,

burning.

Zinc oxide A physical blocker.  Rarely Eczema,
Reflects, scatter and redness, stinging,
absorbs UV light. ~ burning.

Titanium dioxide A physical blocker = Nontoxic,

of UV-A and UV-B,
have high refractive
indices.

non-irritant.

sunscreen preparation had declined very slightly to 97% in normal
water, 96% in salt-water and 99% after sweating. However, the
SPF 30 of another liposomal sunscreen was reduced to 97% in
normal water, 96% in salt-water and 99% after sweating. While
the liposomal sunscreen formulation has SPF 25, the SPF value
declined to 90% in normal water, 83% in salt-water and 91%
after sweating. The observed SPF of the liposomal sunscreen
formulation with SPF 15 was declined to 96% in normal water,
96% in salt-water and 95% after sweating. The study concluded
that SPF 50+ showed more major resistance than SPF 15, but the
resistance shown by liposomal sunscreen with SPF 15 was more

40

Physicochemical Stability References
characteristics
Water insoluble, Emits acrid and 67,68
combustible. irritating fumes on
heating.
Low partition coefficient. Discolouration on 67,69
exposure to light.
Insoluble in water. Sensitive to light. 70
Insoluble in water. On heating emits ~ 71-73
toxic fumes of
zinc oxide, slowly
decomposed by
water.
Insoluble in water and Extremely stable at  71,73-75

organic solvents. it is shown
to induce photooxidation of
unsaturated lipids.

high temperature.

than the in-house control having SPF 15 against normal water,

salt-water, and sweating.®®

The inactive ingredients used in the liposomes also have
noticeable role for sunscreen action. Multilamellar liposomes
of Ethyl hexyl methoxycinnamate (EHMC) was prepared by
using hydrogenated phosphatidylcholine (HPC) and internal
wool lipids (IWL) did not show any penetration in the skin
barrier over phosphatidylcholine liposomes and o/w emulsion of
the same drug. The study confirmed a better potential of HPC
and IWL liposomes to stay at the horny layer of the skin with
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Table 5: Marketed liposomal skin care formulations along with their composition and role.

Products Composition Role References
Anti-acne Skin lightening Moisturizing, Sunscreen
nourishing

Citrolumine 8 ® Extract from Yes Yes 77
cream by Lipoid citrus fruit.
kosmetik.
Cetaphil sunkids * Pantothenol, Yes Yes 78
liposomal lotion SPF  glycerine, aloe
50+. vera, Vitamin E.
Liposome Proteos ° Proteoglycans,  Yes Yes 79
oil free formula by vitamin C,
Martiderm. Vitamin E,

Hamamelis

virginiana L.
Lipocoll ® serum pro ~ Natural fish Yes 80
by Larens. collagen peptide

and amino

acids.
Azelac Ru * liposome  azelaic acid. Yes Yes 81
cream and serum by
Sesderma.
Lancome ° noisome Linseed extract, Yes Yes 82
cream by LOréal. Lipo hydroxy

acid (LHA).

minimal percutaneous absorption by the HPC.%® The sunscreen
actives along with their mechanism, side effects, physicochemical
characteristics and stability problems are described in Table 4.

MARKET FOR SKIN CARE LIPOSOMES

The liposome cosmetic market size and share report 2021 stated
that the worldwide liposome cosmetics marketplace was worth
2861.58 million USD in 2020 and could grow with a CAGR of
7.67% from 2020 to 2027. Lipoid kosmetic firm, Lucas Meyer
Cosmetic firm, Nippon Fine Chemical company, Enoc Pharma
enterprise, Nanovec manufacturers, and Lipotec Company are a
few of the major players in the liposomal cosmetic market.” The
commercial liposomal skin care cosmetics that are available in
the market are quoted in Table 5.

REGULATIONS FOR NANOCOSMETICS

The US FDA’s (Federal Food and Drug Administration) Centre for
Drug Evaluation and Research (CDER) functions by reviewing
the New Drug Application (NDA) and Abbreviated New Drug
Application (ANDA) applications for liposome drug products.

According to US FDA, it is not mandatory to register the cosmetic
enterprise and products by the manufacturer. The FDA issued
the protocol regarding manufacturing, physicochemical testing,

Indian Journal of Pharmaceutical Education and Research, Vol 58, Issue 1, Jan-Mar, 2024

end-product testing, pharmacokinetic testing and post-approval
changes for liposomal products. To ensure the safety and
quality of nano-cosmetics, the manufacturer should adhere to
the regulations set by the country. The US FDA does not claim
any product as "cosmeceuticals". It stated that products like
moisturisers containing sunscreen agents should be considered
drugs. The products used in acne therapy and sunscreens are
declared as non-prescription drugs. However, the European
regulatory authorities have categorised sunscreens as cosmetics.
In India, CDSCO, the central licencing authority, recognises
drugs and cosmetics as a separate class.?*%

CONCLUSION

The extensive atmospheric and lifestyle changes demand the
need for skin care on a priority basis. Conventional skincare
formulations lack satisfactory performance due to formulation
constraints. The liposome vesicles have shown outstanding
performance in drug delivery to the skin. They are widely used
in skin protective products like moisturizers, sunscreen, and
curative products such as anti-acne and skin lightening therapy.
They are been found to be biocompatible, biodegradable and safe
as compared to conventional therapy. As cosmeceutical industry
is growing, there is increasing need for stringent regulations to
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be set and followed by the respective countries to make safe and
effective nano-cosmetics.
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Milligram per Millilitre; NMF: Natural Moisturizing Factor;
TEWL: Trans Epidermal Water Loss; O/W: Oil in Water;
OMC: Octyl p-methoxycinnamate; SPF: Sun Protection Factor;
EHMC: Ethyl Hexyl Methoxycinnamate; HPC: Hydrogenated
Phosphatidylcholine; IWL: Internal Wool Lipids; USD: United
States Dollar; CAGR: Compound Annual Growth Rate; US FDA:
United States Food and Drug Administration; CDER: Centre for
Drug Evaluation and Research; NDA: New Drug Application;
ANDA: Abbreviated New Drug Application; CDSCO: Central
Drugs Standard Control Organization.

REFERENCES

1. Holloway S, Jones V. The importance of skin care and assessment. Br J Nurs (Mark
Allen Publ). 2005;14(22):1172-6. doi: 10.12968/bjon.2005.14.22.20167, PMID
16509432.

2. Rosen MR. Delivery SYSTEM HANDBOOK FOR PERSONAL CARE, AND COSMETIC
PRODUCTS technology, applications, and formulations; 2005. p. 438-65.

3. Kligman AM. Cosmetics: A dermatologist looks to the future — Promises and
problems. Dermatol Clin. 2000;18(4):699-709; x. doi: 10.1016/50733-8635(05)70221-7
, PMID 11059378.

4. Beauregard S, Gilchrest BA. A survey of skin problems and skin care regimens in the
elderly. Arch Dermatol. 1987;123(12):1638-43. doi: 10.1001/archderm.1987.0166036
0066014, PMID 3688904.

5. Golberg A, Khan S, Belov V, Quinn KP, Albadawi H, Felix Broelsch G, et al. Skin
rejuvenation with non-invasive pulsed electric fields. Sci Rep. 2015;5(1):10187. doi:
10.1038/srep10187, PMID 25965851.

6. Brown MB, Martin GP, Jones SA, Akomeah FK. Dermal and transdermal drug delivery
systems: current and future prospects. Drug Deliv. 2006;13(3):175-87. doi: 10.10
80/10717540500455975, PMID 16556569.

7. Gortzi O, Danaei M, Gene D, Karmania P, Mozafari MR, Maherani B. Enhanced
Efficacy and Bioavailability of Skin-Care Ingredients Using liposome and
Nano-liposome Technology Nanoliposomal dosage forms of thymoquinone as
natural, herbal antineoplastic strategy View project Gene Delivery using liposomal
and Nanoliposomal V; 2017. Available from: https://www.researchgate.net/pu
blication/320069138.

8. Past MA. Present and future of liposome cosmetics. In: Berlin, Heidelberg: Springer
Berlin Heidelberg. 1992:341-5. Liposome Dermatics. Available from: http:/link.sprin
ger.com/10.1007/978-3-642-48391-2_36.

9. Ahmadi Ashtiani HR, Bishe P, Lashgari N-A, Nilforoushzadeh MA, Zare S. Liposomes in
cosmetics. J Skin Stem Cell. 2016;3(3). doi: 10.5812/jssc.65815.

10. El Maghraby GM, Barry BW, Williams AC. Liposomes and skin: from drug delivery to
model membranes. Eur J Pharm Sci. 2008;34(4-5):203-22. doi: 10.1016/j.ejps.2008.0
5.002, PMID 18572392.

11. Ascenso A, Raposo S, Batista C, Cardoso P, Mendes T, Praca FG, et al. Development,
characterization, and skin delivery studies of related ultradeformable vesicles:
Transfersomes, ethosomes, and transethosomes. Int J Nanomedicine.
2015;10:5837-51. doi: 10.2147/1JN.S86186, PMID 26425085.

12. Jain S, Jain P, Umamaheshwari RB, Jain NK. Transfersomes - A novel vesicular carrier
forenhanced transdermal delivery: development, characterization, and performance
evaluation. Drug Dev Ind Pharm. 2003;29(9):1013-26. doi: 10.1081/ddc-120025458,
PMID 14606665.

13. Nounou MI, El-Khordagui LK, Khalafallah NA, Khalil SA. Liposomal formulation for
dermal and transdermal drug delivery: Past, present and future. Recent Pat Drug
Deliv Formul. 2008;2(1):9-18. doi: 10.2174/187221108783331375, PMID 19075893.

14. Salama A, Badran M, EImowafy M, Soliman GM. Spironolactone-loaded leciplexes as
potential topical delivery systems for female acne: in vitro appraisal and ex vivo skin
permeabilitystudies.Pharmaceutics.2019;12(1):25.doi:10.3390/pharmaceutics12010
025, PMID 31881783.

15. Pandita A, Sharma P. Pharmacosomes: an emerging novel vesicular drug
delivery system for poorly soluble synthetic and herbal drugs. ISRN Pharmacol.
2013;2013:1-10.

16. Kaur N, Puri R, Jain SK. Drug-cyclodextrin-vesicles dual carrier approach for skin
targeting of anti-acne agent. AAPS PharmSciTech. 2010;11(2):528-37. doi: 10.120
8/512249-010-9411-2, PMID 20333488.

17. Rosen MR. Delivery SYSTEM HANDBOOK FOR PERSONAL CARE AND COSMETIC
PRODUCTS technology, applications, and formulations. Eighth edi. 2005:366-93.

18. Date AA, Naik B, Nagarsenker MS. Novel drug delivery systems: potential in improving
topical delivery of antiacne agents. Skin Pharmacol Physiol. 2006;19(1):2-16. doi: 10.
1159/000089138, PMID 16247244.

19. Burkhart CN, Specht K, Neckers D. Synergistic activity of benzoyl peroxide and
erythromycin. Skin Pharmacol Appl Skin Physiol. 2000;13(5):292-6. doi: 10.1159/00
0029936, PMID 10940820.

20. Eroglu i, Aslan M, Yaman U, Gultekinoglu M, Calamak S, Kart D, et al. Liposome-based
combination therapy for acne treatment. J Liposome Res. 2020;30(3):263-73. doi:
10.1080/08982104.2019.1630646, PMID 31185768.

21. Castro GA, Ferreira LAM. Novel vesicular and particulate drug delivery systems for
topical treatment of acne. Expert Opin Drug Deliv. 2008;5(6):665-79. doi: 10.1517/17
425247.5.6.665, PMID 18532922.

22. Skalko N, Cajkovac M, Jaldenjak I. Liposomes with clindamycin hydrochloride in the
therapy of acne vulgaris. Int J Pharm. 1992;85(1-3):97-101. doi: 10.1016/0378-5173(
92)90138-R.

23. Apriani EF, Rosana Y, Iskandarsyah I. Formulation, characterization, and in vitro
testing of azelaic acid ethosome-based cream against Propionibacterium acnes
for the treatment of acne. J Adv Pharm Technol Res. 2019;10(2):75-80. doi: 10.4103
/japtrJAPTR_289_18, PMID 31041186.

24. Smieja M. Current indications for the use of clindamycin: A critical review. Can J Infect
Dis. 1998;9(1):22-8. doi: 10.1155/1998/538090, PMID 22346533.

25. Abdel-Naser MB, Zouboulis CC. Clindamycin phosphate/tretinoin gel formulation in
treatment of acne vulgaris. Expert Opin Pharmacother. 2008;9(16):2931-7. doi: 10.15
17/14656566.9.16.2931, PMID 18937624.

26. Oesterling TO. Aqueous stability of clindamycin. J Pharm Sci. 1970;59(1):63-7. doi: 10
.1002/jps.2600590110, PMID 5411328.

27. Moghimi H, Noorani N, Zarghi A. Stereoselective permeation of tretinoin and
isotretinoin through enhancer-treated rat skin. Il. Effects of lipophilic penetration
enhnacers. Iran J Pharm Res. 2004;3(1):17-22.

28. Nugrahani HN, Iskandarsyah H, Harmita. Stability study of azelaic acid proethosomes
with lyoprotectant as stabilizer. J Adv Pharm Technol Res. 2018;9(2):61-4. doi: 10.410
3/japtrJAPTR_252_18, PMID 30131939.

29. Burchacka E, Potaczek P, Paduszynski P, Kartowicz-Bodalska K, Han T, Han S. New
effective azelaic acid liposomal gel formulation of enhanced pharmaceutical
bioavailability. Biomed Pharmacother. 2016;83:771-5. doi: 10.1016/j.biopha.2
016.07.014, PMID 27484346.

30. Pharmacology G, Gupta AK, Gover MD. Azelaic acid (15% gel) in the treatment of
acne rosacea. Int J Dermatol. 2007;46(5):533-8. doi: 10.1111/j.1365-4632.2005.0276
9.X.

31. Hung WH, Chen PK, Fang CW, Lin YC, Wu PC. Preparation and evaluation of azelaic
acid topical microemulsion formulation: in vitro and in vivo study. Pharmaceutics.
2021;13(3). doi: 10.3390/pharmaceutics13030410, PMID 33808836.

32. Yang L, Ray MB, Yu LE. Photooxidation of dicarboxylic acids-Part I: Effects of inorganic
ions on degradation of azelaic acid. Atmos Environ. 2008;42(5):856-67. doi: 10.1016
/j.atmosenv.2007.10.029.

33. Yang D, Pornpattananangkul D, Nakatsuji T, Chan M, Carson D, Huang CM, et al.
The antimicrobial activity of liposomal lauric acids against Propionibacterium

42 Indian Journal of Pharmaceutical Education and Research, Vol 58, Issue 1, Jan-Mar, 2024



Barge, et al.: Liposomal Cosmeceuticals for Skin Care

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Indian Journal of Pharmaceutical Education and Research, Vol 58, Issue 1, Jan-Mar, 2024

acnes. Biomaterials. 2009;30(30):6035-40. doi: 10.1016/j.biomaterials.2009.07.033,
PMID 19665786.

Kinderlerer JL. Degradation of the lauric acid oils. Int Biodeterior Biodegrad.
1994;33(4):345-54. doi: 10.1016/0964-8305(94)90012-4.

Nakatsuji T, Kao MC, Fang JY, Zouboulis CC, Zhang L, Gallo RL, et al. Antimicrobial
property of lauric acid against Propionibacterium acnes: its therapeutic potential
for inflammatory acne vulgaris. J Invest Dermatol. 2009;129(10):2480-8. doi: 10.103
8/jid.2009.93, PMID 19387482.

Park KM, Lee SJ, Yu H, Park JY, Jung HS, Kim K, et al. Hydrophilic and lipophilic
characteristics of non-fatty acid moieties: significant factors affecting antibacterial
activity of lauric acid esters. Food Sci Biotechnol. 2018;27(2):401-9. doi: 10.100
7/510068-018-0353-x, PMID 30263763.

37. PubChem [internet]. PubChem Compound Summary for CID 3893, lauric acid.
Bethesda: National Library of Medicine (US). National Center for Biotechnology
Information; 2004- [cited Sep 18 2021]. Available from: https://pubchem.ncbi.nim.
nih.gov/compoun.

Krautheim A, Gollnick H. Transdermal penetration of topical drugs used in the
treatment of acne. Clin Pharmacokinet. 2003;42(14):1287-304. doi: 10.2165/
00003088-200342140-00005, PMID 14606932.

Wolf JE. An update of recent clinical trials examining adapalene and acne. J Eur Acad
Dermatol Venereol. 2001; 15;Suppl 3: 23-9. doi: 10.1046/j.0926-9959.2001.00009.x,
PMID 11843230.

Piérard GE, Piérard-Franchimont C, Paquet P, Quatresooz P. Spotlight on adapalene
adapalene. Expert Opin Drug Metab Toxicol. 2009;5(12):1565-75. doi: 10.1517/17425
250903386269, PMID 19929446.

Tolba MM, El-Gamal RM. Determination of adapalene in gel formulation by
conventional and derivative synchronous fluorimetric approaches. Application to
stability studies and in vitro diffusion test. Chem Cent J. 2016;10(1):33. doi: 10.1186/
513065-016-0181-0, PMID 27239224.

Pillaiyar T, Manickam M, Namasivayam V. Skin whitening agents: medicinal
chemistry perspective of tyrosinase inhibitors [internet]. J Enzyme Inhib Med Chem.
2017;32(1):403-25. doi: 10.1080/14756366.2016.1256882, PMID 28097901.

Wang YW, Jou CH, Hung CC, Yang MC. Cellular fusion and whitening effect of a
chitosan derivative coated liposome. Colloids Surf B Biointerfaces. 2012;90(1):169-76.
doi: 10.1016/j.colsurfb.2011.10.024, PMID 22056083.

Teeranachaideekul V, Nithitanakool S, Junhunkit T, Ponpanich L, Nopporn N,
Detamornrat U, et al. Liposomes: A novel carrier system for Artocarpus lakoocha
extract to improve skin whitening. JAASP. 2013;2.

Lee MH, Lee KK, Park MH, Hyun SS, Kahn SY, Joo KS, et al. In vivo anti-melanogenesis
activity and in vitro skin permeability of niacinamide-loaded flexible liposomes
(BounsphereTM). J Drug Deliv Sci Technol. 2016;31:147-52. doi: 10.1016/j.jddst.201
5.12.008.

Hwang JM, Kuo HC, Lin CT, Kao ES. Inhibitory effect of liposome-encapsulated
anthocyanin on melanogenesis in human melanocytes. Pharm Biol. 2013;51(8):941-7.
doi: 10.3109/13880209.2013.771376, PMID 23570521.

Khoshneviszadeh R, Fazly Bazzaz BS, Housaindokht MR, Ebrahim-Habibi A, Rajabi O.
A comparison of explanation methods of encapsulation efficacy of hydroquinone in
a liposomal system. J Paramed Sci. 2016;7(2):23-8.

Lee SY, Baek N, Nam TG. Natural, semisynthetic and synthetic tyrosinase inhibitors.
J Enzyme Inhib Med Chem. 2016;31(1):1-13. doi: 10.3109/14756366.2015.1004058
, PMID 25683082.

Enguita FJ, Leitao AL. Hydroquinone: environmental pollution, toxicity, and microbial
answers. BioMed Res Int. 2013; 2013:542168. doi: 10.1155/2013/542168, PMID
23936816.

Nakagawa M, Kawai K, Kawai K. Contact allergy to kojic acid in skin care products.
Contact Dermatitis. 1995;32(1):9-13. doi: 10.1111/j.1600-0536.1995.tb00832.x.

Kwak SY, Noh JM, Park SH, Byun JW, Choi HR, Park KC, et al. Enhanced cell permeability
of kojic acid-phenylalanine amide with metal complex. Bioorg Med Chem Lett.
2010;20(2):738-41. doi: 10.1016/j.bmcl.2009.11.069, PMID 19962889.

Mahamongkol H, Bellantone RA, Stagni G, Plakogiannis FM. Permeation study of five
formulations of alpha-tocopherol acetate through human cadaver skin.J Cosmet Sci.
2005;56(2):91-103, PMID 15868062.

PubChem [internet]l. PubChem Compound Summary for CID 1742129,
(-)-Alpha-Tocopherol. Bethesda: National Library of Medicine (US). National Center
for Biotechnology Information; 2004- [cited Sep 20 2021]. Available from: https://p
ubchem.ncbi.nlm.nih.

Shigeta Y, Imanaka H, Ando H, Ryu A, Oku N, Baba N, et al. Skin whitening effect of
linoleicacid is enhanced by liposomal formulations. Biol Pharm Bull. 2004;27(4):591-4.
doi: 10.1248/bpb.27.591, PMID 15056874.

Appa Y. Facial moisturizers. In: UK: Wiley-Blackwell. 2016;123-9 Cosmetic
dermatology [internet]. Second. Oxford Zoe DDD, editor. Available from: https://onli
nelibrary.wiley.com/doi/10.1002/9781444317657.ch16.

Marie L. Moisturizers: treatment of dry skin syndrome and barrier defects. In: CRC
Press. 2015;250-75. Cosmeceuticals and active cosmetics [internet]. Third Raja S,
Jared J, Peter E, Howard M, editors. Available from: https://www.taylorfrancis.com/b
00ks/9781482214178/chapters/10.1201/b18895-22.

Nesic¢ I, Savi¢ V, Kolarevi¢ A. Investigation of efficacy of anti-aging liposomal intimate
gel: an in vivo long-term study. Acta Fac Med Naissensis. 2020;37(1):48-56. doi: 10.5
937/afmnai2001048N.

58.

59.

60.

61.

62.

63.
64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Campos PMBG, de Camargo Junior FB, de Andrade JP, Gaspar LR. Efficacy of cosmetic
formulations containing dispersion of liposome with magnesium ascorbyl phosphate,
alpha-lipoic acid and kinetin. Photochem Photobiol. 2012;88(3):748-52. doi: 10.1
111/j.1751-1097.2012.01086.x, PMID 22236139.

Van Hoogevest P, Prusseit B, Wajda R. Phospholipids: natural functional ingredients
and actives for cosmetic products. Int News Fats Oils Relat Mater. 2014;25(3):182-8.

Uy JJ, Joyce AM, Nelson JP, West B, Montague JR. Ammonium lactate 12% lotion
versus a liposome-based moisturizing lotion for plantar xerosis. A double-blind
comparison study. J Am Podiatr Med Assoc. 1999;89(10):502-5. doi: 10.7547/
87507315-89-10-502, PMID 10546421.

Homepage. Lucas Meyer Cosmetics [cited Aug 11 2021]. Available from: https://ww
w.lucasmeyercosmetics.com/.

Technical data NATIPIDE® Il [internet]. Available from: http://www.americanlecithin.
com/TDS/TDS_NATII.PDF.

Mohiuddin AK. Sunscreen and suntan preparations. Arch J PharmSci. 2019;5(2):8-44.

de Mota A. CV, de Freitas ZMF, Junior Ricci E. Santos: Dellamora-Ortiz GM-Oliveira R,
Ozzetti RA, et al. In vivo and in vitro evaluation of octyl methoxycinnamate liposomes.
Int J Nanomedicine. 2013 Dec 10;8:4689-700.

Korting HC, Schoéllmann C. Resistance of liposomal sunscreen formulations against
plain water as well as salt water exposure and perspiration. Skin Pharmacol Physiol.
2011;24(1):36-43. doi: 10.1159/000318229, PMID 20720455.

Ramon E, Alonso C, Coderch L, De La Maza A, Lopez O, Parra JL, et al. Liposomes
as alternative vehicles for sun filter formulations. Drug Deliv. 2005;12(2):83-8. doi: 1
0.1080/10717540490446080, PMID 15824033.

Products H, branch F. Primary sunscreen monograph. p. 1-15; 2018 [cited Aug 11
2021]. Available from: http://webprod.hc-sc.gc.ca/nhpid-bdipsn/atReq.do?atid=
sunscreen-ecransolaire.

PubChem [internet]. PubChem Compound summary for CID 3102, benzophenone.
Bethesda: National Library of Medicine (US). National Center for Biotechnology
Information; 2004- [cited Sep 20 2021]. Available from: https://pubchem.ncbi.nim.
nih.gov/compou.

PubChem [internet]. PubChem Compound Summary for CID. Bethesda: National
Library of Medicine (US). National Center for Biotechnology Information.
4-Aminobenzoicacid. 2004;978. [cited Sep 20 2021]. Available from: https://pubchem.
ncbi.nim.nih.gov/.

PubChem [internet]. PubChem Compound summary for CID 51040, avobenzone.
Bethesda: National Library of Medicine (US). National Center for Biotechnology
Information; 2004- [cited Sep 20 2021]. Available from: https://pubchem.ncbi.nlm.
nih.gov/compoun.

Traynor DH, Markowitz SM, Compton DL, Traynor HG, Dulak M. Sunscreen
compositions and methods of use; 2006. US Patent 2006/0188458 [internet] [cited
Sep 17 2021]. Available from: http://www.opotion.com/pages/.

PubChem [internet]. PubChem Compound Summary for CID 14806, zinc oxide.
Bethesda: National Library of Medicine (US). National Center for Biotechnology
Information; 2004- [cited Sep 18 2021]. Available from: https://pubchem.ncbi.nlm.
nih.gov/compoun.

Dransfield GP. Inorganic sunscreens. Radiat Prot Dosim. 2000;91(1):271-3. doi: 10.109
3/oxfordjournals.rpd.a033216.

Raymond R, Paul S, Marian Q, editors. Titanium dioxide. In: Handbook of
pharmaceutical excipients. Sixth. Pharmaceutical Press; 2009. p. 741-4.

PubChem [internet]. PubChem Compound Summary for CID 26042, titanium dioxide.
Bethesda: National Library of Medicine (US). National Center for Biotechnology
Information; 2004- [cited Sep 18 2021]. Available from: https://pubchem.ncbi.nlm.
nih.gov/c.

Skincare market size, analysis. Vol. 2026 [internet]. Skin Care Industry Trends [cited
Aug 11 2021]. Available from: https://www.fortunebusinessinsights.com/skin-care-
market-102544.

Citrolumine. Vol. 8° - Lipoid Kosmetik - datasheet [Internet] [cited Aug 11
2021].  Available from: https://cosmetics.specialchem.com/product/i-lipoid-
kosmetik-citrolumine-8.

Cetaphil sun kids SPF 50+ liposomal lotion. Cetaphil [cited Aug 11 2021]. Available
from: https://www.cetaphil.com.sg/product/cetaphil-sun-kids-spf-50-liposomal-lot
ion.

Proteos liposome. Vol. 30 ampollas - MartiDerm la marca de referencia en
dermocosmética [internet] [cited Aug 11 2021]. Available from: https://martiderm.
es/producto/proteos-liposome-30-ampollas/464.

Larens. Products — wellU.eu [internet] [cited Aug 11 2021]. Available from: https://w
ellu.eu/pages/larens,151.html.

Official Website: [Internet]. 2007;1-63. [cited Aug 11 2021]. Available from: http://w
ww.sesderma.co.in/in/azelac-ru.html.

Face Cream with R. SPF 30-day moisturizer. Lancome [internet] [cited Aug 11 2021].
Available from: https://www.lancome-usa.com/skincare/renergie-lift-multi-action-
ultra-face-cream-with-spf-30/LAN450.htmI?dwvar_LAN450_size=1.7Fl. Oz. %2850
mL%29%%tab=Tabs_n3p9534rwq_control_2.

Le Joliff JC. Liposomes and cosmetics — la Cosmétothéque [internet]; 2020 [cited
Aug 11 2021]. Available from: https://cosmetotheque.com/en/2020/02/04/
liposomes-and-cosmetics/.

43



44

Barge, et al.: Liposomal Cosmeceuticals for Skin Care

84. Services USD of H and H, administration F and D, (CDER) C for de and R. /regulatory-information/search-fda-guidance-documents/liposome-drug-
Liposome drug products chemistry, manufacturing, and controls; human products-chemistry-manufacturing-and-controls-human-pharmacokinetics-and.
pharmacokinetics and  bioavailability; and  labeling  documentation

85. Draelos ZD. Cosmeceuticals: undefined, unclassified, and unregulated. Clin Dermatol.
guidance for industry [internet]; 2018. Available from: https://www.fda.gov 2009;27(5):431-4. doi: 10.1016/j.clindermatol.2009.05.005, PMID 19695473.

Cite this article: Barge K, Tank S, Parab B, Nagarsenker M, Shidhaye S. Liposomal Cosmeceuticals as Skin Protectives and Curatives. Indian J of Pharmaceutical
Education and Research. 2024;58(1):34-44.

Indian Journal of Pharmaceutical Education and Research, Vol 58, Issue 1, Jan-Mar, 2024



